SUMMARY
Twenty-four of 63 enteric Gram-negative organisms (38.1%) which were isolated from 35 apparently healthy Nigerian students were found to have low trimethoprim resistance (MIC < 1000 mg/1). These isolates were also found to be resistant to several other antibiotics and trimethoprim resistance was found to be transferable from 15 (62.5%) of the trimethoprim resistant organisms into E. coli EC 1005. It is likely that the high percentage of trimethoprim resistance encountered in this study is related to the high rate of resistance transfer which was observed.
INTRODUCTION
Trimethoprim resistance in bacteria is frequently dependent on the ability of organisms to produce drug resistant dihydrofolate reductases
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and it is the presence of plasmids which mediate the production of these enzymes that according to Tennhammar-Ekman, Sundstrom and Skold [1] enable host bacteria to grow in the presence of high concentrations of trimethoprim. Some of these plasmids are transferable from one organism to another and results 9f some experiments [2] [3] [4] [5] show that an overwhelming majority of these transferable plasmids mediate high level trimethoprim resistance usually with minimum inhibitory concentration (MIC) values in excess of 1000 mg/1. Some workers, [6] [7] [8] have however been able to effect the transfer of plasmids mediating low levels of trimethoprim resistance.
Murray et al. [9] , Young et al. [5] as well as Lamikanra and Ndep [10] have reported very high incidences of trimethoprim resistance from several developing countries in contrast to the low incidences which have been observed for example by Brumfitt, Hamilton-Miller and Wood [11] , Skold, Boethius and Steen [12] as well as Hamilton-Miller and Purees [13] in developed countries. Although the indiscriminate and widespread use of antibiotics is thought to be primarily responsible for the high incidence of antibiotic resistances in the developing countries, one important contributory 0378-1097/89/$03.50 © 1989 Federation of European Microbiological Societies factor which Murray et al. [9] have suggested is, the great opportunity for cross-infection in the unsanitary conditions which exist in most developing countries. The significance of this factor is directly related to the incidence of transmissible resistance, hence the importance of this study.
MATERIALS AND METHODS

Subjects
35 final-year pharmacy students at the Obafemi Awolowo University, Ile-Ife, took part in this study. All the students aged between 19 and 25 years were in apparent good health at the time samples were taken.
Collection of stool samples
All the samples were collected in sterile specimen bottles (Sterilin Ltd., Middlesex, U.K.) and were immediately transported to the laboratory for processing.
Isolation and identification of organisms
The organisms were isolated on cysteine lactose electrolyte deficient (CLED) agar (Oxoid, London, U.K.) as well as MacConkey agar (Oxoid). Individual isolates were identified using the API 1OS kit (API system S.A. Montalieu, France), a standardised, miniaturised version of conventional identification procedures for enterobacteria. Results were confirmed by biochemical tests as described by Cowan [14] .
Antibiotic sensitivity testing
All the isolates obtained were tested for sensitivity to ten different antibiotics by the disc diffusion method on Iso-sensitest agar (Oxoid) as earlier described by Lamikanra and Ndep [10] . Staphylococcus aureus ATCC 25923 and Enterobacter aerogenes ATCC 13048 were used as control organisms.
Determination of MIC to trimethoprim
All the isolates which were found to be resistant to trimethoprim by the disc diffusion method had their resistances quantified through MIC determination using the solid diffusion method of Ericsson and Sherris [15] , as described by Lamikanra and Ndep [10] .
Transfer of trimethoprim resistance
All the trimethoprim resistant isolates were tested for their ability to transfer their trimethoprim resistance to plasmidless strains of Escherichia coli EC 1005 (Na ~ Tr ~ met) using the filter paper technique of Bradley et al. [16] . Transconjugants were selected on dried isosensitest agar plates containing 10 rag/1 trimethoprim and 40 rag/1 nalidixic acid. They were purified on fresh selecting plates authenticated by testing for the methionine marker of EC 1005 and tested for sensitivity to all the antibiotics, (except cefalotin) to which the donors were originally resistant.
RESULTS
Isolation and identification of organisms
The identity and incidence of organisms encountered in this study are shown in Table 1 . 63 strains were isolated from subjects which means that several isolates were obtained from some of the subjects. The isolates were recognised as not being identical on the basis of morphological, biochemical and antibiogram differences.
Incidence of trimethoprim resistance
24 or the 63 isolates (38.1%) were found to be resistant to trimethoprim by the disc diffusion method. The MIC values of these organisms are shown in Table 2 .
3. Resistance to other antibiotics
The isolates were tested against nine other antibiotics some of which are used frequently in clini- cal practice. Resistance was widespread to cefalotin (45.9%), spectinomycin (42.8%) and tetracycline (34.9%). There was considerable resistance to ampiciUin (27.4%), sulfamethoxazole (25.4%) and chloramphenicol (13.5%). Resistances to gentamicin, streptomycin and nalidixic acid were rarely encountered, only 1.6%, 9.5% and 3.2% of the isolates being resistant to these antibiotics respectively.
The trimethoprim resistant organisms were also found to be resistant to at least one other antibiotic. Co-resistance with cefalotin and spectinomycin were very widespread with 91.6% and 83.3% of the trimethoprim resistant isolates also showing resistance to cefalotin and spectinomycin respectively. 37.5% of them were resistant to ampicilin whilst 20.8% were resistant to sulfamethoxazole and tetracycline. Very few of these organisms were resistant to chloramphenicol (12.5%), nalidixic acid (8.3%) and streptomycin (4.1%). None of the trimethoprim resistant organisms were also resistant to gentamicin.
Transfer of trimethoprim resistance
Trimethoprim resistance was found to be transferable from 15 (62.5%) of the trimethoprim resistant isolates into E. coli EC1005 ( Table 2 ).
Co-transfer of other antibiotic resistances with trimethoprim resistance
Antibiotic sensitivity testing of the transconjugants obtained in this study shows that the occurrence of co-transfer of other antibiotic resistances with trimethoprim resistance was rather low. There was 40% transfer with spectinomycin, 33.3% co-transfer with ampicillin and only 13.3% co-transfer with tetracycline. No co-transfer occurred with other antibiotics.
DISCUSSION
Although the number of isolates tested in this study may be too small to be of epidemiological significance, the figure of 38.1% for trimethoprim resistance among an apparently healthy population suggests that there is widespread resistance to trimethoprim in the sample community. As Paul et al. [17] have pointed out, there is widespread, uncontrolled and unsupervised use of antibiotics in Nigeria and it is suggested that the high incidence of trimethoprim resistance observed in this study is related to these factors.
One interesting characteristic of the trimethoprim resistance observed in this study is that in contrast to the result of similar work done with hospital isolates obtained in the same area [10] , none of the trimethoprim resistant organisms has an MIC value in excess of 500 mg/l. They are all therefore classified as having low trimethoprim resistance. Earlier reports about the transfer of trimethoprim resistance showed that although the frequency of transfer varied over a wide margin [5, 10, [18] [19] [20] the figures were in most cases substantially lower than the 62.5% which was observed in this study. Furthermore, this is in spite of the fact that the transfer of low trimethoprim resistance is a rare event and has been reported on only a few occasions [6] [7] [8] . This is the first report of the transfer of low trimethoprim resistance in isolates obtained from an apparently healthy population. This report is of further interest because a previous study carried out in Nigeria by Lamikanra and Ndep [10] revealed the presence of a very substantial percentage of high trimethoprim resistance in their sample. The low trimethoprim resistance encountered in that study was also found not to be transferable. There are therefore substantial differences in the characteristics of trimethoprim resistances in the two studies. It is suggested that the trimethoprim resistances encountered in the present study are mediated by plasmids which have developed and spread within the confines of the Obafemi Awolowo University Campus. The apparent ease of the transfer of these plasmids may be said, to be responsible for the high incidence of trimethoprim resistance encountered within this sample population.
